Using the coherent elastic neutrino-nucleus scattering data of the COHERENT experiment, we determine for the first time the average neutron rms radius of 133 Cs and 127 I. We obtain the practically model-independent value Rn = 5.5 +0.9 −1.1 fm using the symmetrized Fermi and Helm form factors. We also point out that the COHERENT data show a 2.3σ evidence of the nuclear structure suppression of the full coherence.
The COHERENT experiment [1] observed for the first time coherent elastic neutrino-nucleus scattering with a small scintillator detector made of sodium-doped CsI exposed to a low-energy neutrino flux generated in the Spallation Neutron Source at Oak Ridge National Laboratory. Coherent elastic neutrino-nucleus scattering can occur if qR 1, where q = | q| is the three-momentum transfer and R is the nuclear radius [2, 3] .
The coherent elastic scattering of a neutrino with a nucleus can be observed by measuring very low values of the nuclear kinetic recoil energy T . For T E, where E is the neutrino energy, we have q 2 2M T , where M is the nuclear mass, and T max 2E 2 /M [4] . For a nucleus with mass M ≈ 100 GeV and radius R ≈ 5 fm, elastic neutrino-nucleus scattering is coherent for T (2M R 2 ) −1 ≈ 10 keV and it is required to have a neutrino beam with energy of the order of M T /2 ≈ 20 MeV.
The differential cross section for coherent elastic scattering of a neutrino with a nucleus N with Z protons and N neutrons is given by [4] [5] [6] [7] 
where G F is the Fermi constant, M is the nuclear mass, F N (q 2 ) and F Z (q 2 ) are, respectively, the nuclear neutron and proton form factors, and = 1 − 4 sin 2 ϑ W = 0.0454 ± 0.0003, using the low-energy PDG value of the weak mixing angle ϑ W [8] . Because of the small value of , the neutron contribution is dominant. Hence, measurements of the process give information on the nuclear neutron form factor, which is more difficult to obtain than the information on the proton nuclear form factor, that can be obtained with elastic electron-nucleus scattering and other electromagnetic processes (see Refs. [9, 10] ). Knowledge of these form factors is important, because form factors are the Fourier transform of the corresponding charge distribution. Electromagnetic processes probe the nuclear proton distribution, whereas neutralcurrent weak interaction processes are mainly sensitive to the nuclear neutron distribution. Also hadron scattering experiments give information on the nuclear neutron distribution, but their interpretation depends on the model used to describe non-perturbative strong interactions (see Refs. [11] [12] [13] [14] ). Before the COHERENT experiment, the only measurement of the nuclear neutron distribution with neutral-current weak interactions was done with parity-violating electron scattering on 208 Pb in the PREX experiment [15] .
The measurement of the nuclear neutron density distribution is a topic of broad interest in the physics community. In particular, the corresponding rms radius R n and the difference between R n and the rms radius R p of the proton distribution (the so-called "neutron skin") are crucial ingredients of the nuclear matter Equation of State (EOS), which plays an essential role in understanding several processes, like nuclei in laboratory experiments, heavy ion collisions, and the structure and evolution of compact astrophysical objects as neutron stars (see Refs. [16] [17] [18] [19] [20] ).
In the case of the COHERENT experiment, the coherent elastic scattering is measured on 133 Cs and 127 I, which contribute incoherently, leading to the total cross section
with N Cs = 78, Z Cs = 55, N I = 74, and Z I = 53. We neglect the small axial contribution due to the unpaired valence proton [5] . The proton and neutron form factors are the Fourier transform of the nuclear proton and neutron densities. The proton structures of 133 Cs and 127 I have been studied with muonic atom spectroscopy [9] and the data were fitted with Fermi density distributions of the form where ρ 0 is a normalization factor and a is a parameter which quantifies the surface thickness t = 4a ln 3, which was fixed at 2.30 fm. The fit of the data yielded c Cs = 5.6710 ± 0.0001 fm and c I = 5.5931 ± 0.0001 fm, which correspond to the proton rms radii
Hence, the proton structures of 133 Cs and 127 I are similar. Since we expect that also their neutron structures are similar and the current uncertainties of the COHER-ENT data do not allow to distinguish between them, we consider in Eq. (2) the approximation
We fitted the COHERENT data under this approximation assuming proton form factors F Z (q 2 ) for 133 Cs and 127 I given by the Fourier transform of a symmetrized Fermi (SF) distribution ρ SF (r) = ρ F (r) + ρ F (−r) − 1, which is practically equivalent to a Fermi distribution and gives an analytic expression for the form factor [21] :
In order to get information on the neutron distribution of 133 Cs and 127 I in the approximation in Eq. (6), we considered the following parameterizations of the neutron form factor F N (q 2 ):
analogous to that in Eq. (7) . In this case, the neutron rms radius is given by
Since the COHERENT data are not sensitive to the surface thickness, we consider the same value of t = 2.30 fm as for the proton form factor. We verified that the results of the fit are practically independent of small variations of the value of the surface thickness.
The Helm form factor [22]
where j 1 (x) = sin(x)/x 2 − cos(x)/x is the spherical Bessel function of order one and R 0 is the box (or diffraction) radius. In this case, the neutron rms radius is given by
The parameter s quantifies the surface thickness. In this case we consider the value s = 0.9 fm which was determined for the proton form factor of similar nuclei [23] . Also in this case, we verified that the results of the fit are practically independent of small variations of the value of the surface thickness.
We fitted the COHERENT data in Fig. 3A of Ref. [1] with the least-squares function
For each energy bin i, N are, respectively, the experimental and theoretical number of events, B i is the estimated number of background events extracted from Fig. S13 of Ref. [1] , and σ i is the statistical uncertainty. α and β are nuisance parameters which quantify, respectively, the systematic uncertainty of the signal rate and the systematic uncertainty of the background rate. The corresponding standard deviations are σ α = 0.28 and σ β = 0.25 [1] . We did not considered the first three energy bins in Fig. 3A of Ref. [1] , which do not give any information on neutrino-nucleus scattering because they correspond to the detection of less than 6 photoelectrons, for which the acceptance function in Fig. S9 of Ref. [1] vanishes. We considered only the 12 energy bins from i = 4 to i = 15 for which the COHERENT collaboration fitted the quenching factor in Fig. S10 of Ref. [1] and obtained the linear relation between the observed number of photoelectrons N PE and the nuclear kinetic recoil energy T given by
The theoretical number of coherent elastic scattering events N th i in each energy bin i depends on the nuclear neutron form factor and it is given by
where N CsI is the number of CsI in the detector (given by N A M det /M CsI , where N A is the Avogadro number, M det = 14.6 kg, is the detector mass, and M CsI = 259.8 is the molar mass of CsI), E min = M T /2, A(T ) is the acceptance function given in Fig. S9 sum of
for E ≤ m µ /2 52.8 MeV, with the normalization factor η = rN POT /4πL 2 , where r = 0.08 is the number of neutrinos per flavor that are produced for each proton on target, N POT = 1.76 × 10 23 is the number of proton on target and L = 19.3 m is the distance between the source and the COHERENT CsI detector [1] . Figure 1 shows the COHERENT data as a function of the nuclear kinetic recoil energy T . We first compared the data with the predictions in the case of full coherence, i.e. all nuclear form factors equal to unity. Figure 1 shows that the corresponding histogram does not fit the data. Hence, albeit the COHERENT data represent the first measurement of coherent elastic neutrino-nucleus scattering, the scattering is not fully coherent and the data give information on the nuclear structure. Indeed, the COHERENT collaboration [1] explained the data using the form factor in Ref. [24] with fixed value of the parameters, i.e. assuming the value of the nuclear rms radius.
We fitted the COHERENT data in order to get information on the value of the neutron rms radius R n , which is determined by the minimization of the χ 2 in Eq. (11) using the symmetrized Fermi and Helm form factors. In both cases we obtained a minimum χ 2 which is smaller than the χ 2 corresponding to full coherence by 5.5. Hence, the hypothesis of full coherence has a pvalue of 1.9% and there is a 2.3σ evidence of the nuclear structure suppression of the coherence. Figure 1 shows the best-fit results that we obtained using the symmetrized Fermi and Helm form factors. 
This is the first determination of the neutron rms radius of a nucleus obtained with neutrino-nucleus scattering data. Note also that it is practically model-independent, because it coincides for the symmetrized Fermi and Helm form factors which correspond to reasonable descriptions of the nuclear density. As already stated above, the neutron rms radius was determined before only for 208 Pb from the parityviolating measurements of the PREX experiment [15] . The authors of Ref. [33] found R n ( 208 Pb) = 5.75 ± 0.18 fm. Our best-fit value of R n for 127 I and 133 Cs, obtained assuming that the two nuclei have similar structures, is correctly smaller than that of the heavier 208 Pb nucleus. Table I shows the theoretical values of the proton and neutron rms radii of 133 Cs and 127 I obtained with nuclear mean field models. All the models predict values of R p which are in approximate agreement with the experimental ones in Eqs. (4) and (5) . Due to the large uncertainty, the average CsI value of R n that we obtained in Eq. (17) is compatible with all the model calculations. It tends to favor values of R n that are larger than all the model calculations in Table I , but more precise measurements are needed in order to truly test the models.
Another quantity of interest is the difference between the neutron and proton rms radii ∆R np = R n −R p , which is usually referred to as "neutron skin" [34] . The values of R p for 127 I and 133 Cs determined in Ref. [9] are around 4.78 fm, with a difference of about 0.05 fm. Hence, for the neutron skin, we obtain ∆R np 0.7
Unfortunately, the uncertainty is large and it does not allow to claim a determination of the neutron skin. We can only note that the best-fit value indicates the possibility of a value that is larger than the model-predicted values in Table I , which are between about 0.1 and 0.2 fm (see also Ref. [34] ). Future data of the COHERENT experiment may lead to a better determination of the neutron rms radius R n and of the neutron skin ∆R np . Figure 3 shows our estimation of the sensitivity to R n of the COHERENT ex-periment as a function of the number of protons on target with the current systematic uncertainties, with half the current systematic uncertainties, and with one quarter of the current systematic uncertainties. We have included the effect of the beam-off background, which we extracted from the statistical uncertainties of Fig. 3A of Ref. [1] . From Fig. 3 one can see that the current sensitivity gives a relative uncertainty ∆R n /R n 17%, which is in approximate agreement with the uncertainty of the determination of R n in Eq. (17) . With the current systematic uncertainties and ten times the current number of protons on target, the data of the COHERENT experiment will allow us to determine R n within about 0.5 fm. If the systematic uncertainties are reduced by half or one quarter, R n can be determined within about 0.4 or 0.3 fm, respectively. Such a measurement would also decrease the uncertainty on the value of the neutron skin allowing a more meaningful comparison with the model predictions in Table I .
Since R p is relatively well known, a measurement of R n allows to determine the neutron skin ∆R np . Information on this quantity is eagerly awaited because ∆R np is correlated with several properties characterizing neutronrich matter (see Refs. [16] [17] [18] [19] [20] ). A larger neutron skin would suggest a stiffer EOS and imply a larger neutron star radius R NS . Since the neutron star binding energy is inversely proportional to R NS , a larger R NS implies a smaller gravitational binding energy, which can be tested by observing the intense neutrino burst of a core collapse supernova.
The neutron skin is also correlated with several other nuclear quantities, e.g. with the slope of bulk symmetry energy, with the slope of binding energy of neutron matter, and with the symmetry correction to the incompressibility (see Ref. [35] for a review).
On August 17, 2017 the Advanced LIGO and Advanced Virgo gravitational-wave detectors made their first observation of a binary neutron star inspiral [36] . From this observation the collaboration was able to infer not only the component masses of the binary but also the tidal deformability parameter, which is related to the neutron star EOS and to the neutron skin [37, 38] .
Information on the nuclear neutron density radius R n is also important for a precise determination of the background due to coherent elastic neutrino-nucleus scattering in dark matter detectors. This background will crucially limit the discovery potential of future dark matter detectors [39] . Until now, the background has been evaluated using a unique Helm nuclear form factor for protons and neutrons, with the Lewin-Smith prescription [40] for the input value of the nuclear radii. Since Caesium and Iodine have similar atomic and mass numbers to that of Xenon, it is possible to make an estimation of the impact of the inclusion of different proton and neutron form factors (with the value of R n found in this paper) on the neutrino background for experiments like DARWIN [41] , XENONnT [42] , and LZ [43] , that use Xenon as a target.
In conclusion, we have determined for the first time the neutron rms radius of 133 Cs and 127 I (assuming that they have similar structures) from the fit of the data on coherent elastic neutrino-nucleus scattering of the COHERENT experiment. Considering the symmetrized Fermi and Helm form factors, we obtained the practically model-independent value R n = 5.5 +0.9 −1.1 fm. We also found that the COHERENT data show a 2.3σ evidence of the nuclear structure suppression of the full coherence.
